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ARCADIS has prepared this: report to’summarize- and analyze the data collected durmg the Pre—In] ecnon o

. Test conducted at the former Boeing C-6 facility (Site), Lot 8, Parcel C,’ Building 136 area in Los Angeles, .
- California.. The Pre-Injection Test was.conducted on'November § and 9; 2004 according to the scope of =
- work described in Proposal to Perforin a Pre-Injection Test; Lot 8, Bmldmg 136 Former C 6-F aczlzty Los
'Angeles Callfomta dated November 1, 2004 ' . '

o l ) Verrfy that the; blo—amendment wells can accept the full desrgn Volume of a lO percent

e 3.'_ Obtain process parameters (e.g., 1nject10n ﬂow rates, injection pressures efc. ) that wrll be usedin
' subsequent carbohydrate 1njecnon events; and ------ _ P NEEEEE
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e - injection program at the Boemg. C- 6_, Bmldmg 2 site. -Since the full-scale: de31gn of the injection program

...... . for Lot 8 has not been finalized, a pilot injection test was deemed beneficial to evaluate the integrity of the
*bio-ameéndment injection wells, test alternate buffers, and ¢ollect ficld data for designing the injection. . -~ o

“system and process parameters to be used during future injection events. Currently, the Lot § site is _
- undeveloped and modlﬁcatlons to the final i mJ ection d631gn can be Jmplemented without significant u'npact ---------------

.:_'to thepro;ect R . N : T PR O P TIY

- -mcludmg

. Prossure it well heads o

& . Injection test: data

'.-_'_'Waterﬂush.data_.-- e R e . S
. Groundwater levels'.in-monitoring-wellé-. ' S . . |
- Pressure at well hieads
' Pressute build-up from the production of gas through physical o chemical reaction of the injection solution
has been an issue during injection.events-at the Boeirig' C6, Building 2 site. ‘Wellhead pressure data was -
- recorded during the Lot 8 injection event to est the generation of gas due to buffering solutions, reaction of -~
- - the carbohydrate solution with formation water, or fermentation.. Pressure data was recorded prior to
... injection, before and after water ﬂushmg, and one week after the test. The wellhead pressure data is
) presen[ed below: _ REEEE . e el RIS

S . - . the

BOE-C6-0010910



Wel]head Pressure Data:
_____ Well | Date | Butfer | RS | Comments
............................ 11/08/04: None 0.0 psi -22 in Hg .Amendment_adddtron; Flusrled.(l 1/09)
.................. AWO095C | . 11/10/04 L 2.0psi Noinjection conducted this day
11/ 15/04 8.0psi .No injection-conducted this day
- 11/0.8-/04 | None 0.0 psi. | —28 m Hg | Arrlendrrlent addition; fluslred (11/09)
AWO098B | .. 11/10/04 1.0 psi No injection conducted this day
. = - 11/15/04 1.0 psi _.ﬁo- injection conducted_thjs day
(o 1109704 | oot 0.0 psi 26inHg | Amendmentaddition
________ | 1 ~ Phosphate.
"""" AWO033C 11/10/04 13 psi 20inHg | Flushed with potable water.
..... 11715704 L1.5psi No injection conducted. this day
__________________ .”.1:_1/09/_04'. Piggll)%r;e | OOps NM Aniendinient addition .o
AW_OOWB 11/ 10/04 | 13 psi ... -14in He  |-Flushed with potable water.-
11/15704 3.0psi No injection conducted this day

N Notes psr = pounds per square inch; in Hg = mches of mercury; and NM =

not measured

- data collcted On.No\-}ember‘ 15, 2004, revealed increased pressure iii the aimendment points sére'ened within

- the C-Sand formation. Because the un-buffered amendment solution reacted similarly to the buffered
~amendment solution, it can be concluded that the buffer does not significantly atfect gas genération and
" pressure.. Pressure. build-up'can be atiributed to gas generation from-fermentation of the.carbohydrate:

' _solutlon and the inability of the: formatlon to d1s31pate the gas pressure

L : _ I[lJCCIZlO[‘l Data

' '-In]ectlon volumes inthe Boemg C6 Buﬂdmg 2 Blo—Amendment Injection Plan are based ona target

- concentration of total organic carbon (TOC) in the forination, the half-life of the donor-substrate S
-+ (amendment); and on the effective injection radius: The design volume for thie Lot 8 wells, based on 48
: ._g’allOns of "iﬁjectionis'olution'per foot of 'wellscr'e'en was 1'200-gallons.per:arnendrrlent point.
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amendment po1nts selected for the test injection were those that accepted water at the slowest flow rates
during the well seal testing performed by Haley & Aldrich. This injection test was conducted using a
+3,000-gallon food-grade tanker truck containing 2,400 gallons of an un-buffered molasses solution -on the
first day-and 2,400 gallons of:a sodium phosphate butfered molasses solution on the:second day. Inorder fo
minimize costs and expedite data collection and analysis; each injection was limited to one day. The tanker =
- truck was 'connected directly to a 12-arm injection manifold that was motinited in the back of a pick-up truck
- to deliver the solution to two amendment points. Each arm of the injection manifold consisted of a flow '
L ~ “control valve, flow totalizer, check valve, and pressure gauge. This equipment and instrumentation was -
" used to monifor the injection flow rate and pressure:at each amendment point during the injection test.

. The des1gn 1nJect1on volume for each well was 1,200 gallons of amendient solutlon ‘Four test wells were
- selected; two test wells-screened in the B-Sand (AW0077B and AWO0098B) and two test wells screened in-

~ - the C-Sand (AW0074C and AW0095C). Each type of solution—un-buffered and buffered—wasinjected -~
. into the test wells screened within the B- and C-Sand. - Solution was delivered to two.amendment points per .
- truck load using the hydraulic pump on the tanker truck. . To adhere to the proposed injection schedule and -
- avoid disposal costs for unused solution, amendment solution was diverted to the fastest flowing -
. amendment point if it was determined that the volume could not be completed before the end of the day A
B _ 'summary of 1nJect1on data is'presented below:. -

o Well | Date | é;}l':)nl:s") | :'.1_?_1‘(’.;)'1[1{1;“" o 'I“je'fll‘zgsli’)ressure ----------- Comment§

AWO095C | 11/08/04 | 747 | 09-23 | 17-25 Withoutbuffer

_AW(509SB. .l..l{.OS/(.)4 .:l,564 L2550 16 -25 wiboubutter |
'_AW003-3C.- _1.1/9/_04_ | 1,328 60165 | 12 _Sodimnphosphate_buffer

AW0077B_ 11/9/04 1, 068 ” _ 02 48 | 20-27 Sodivm phosphate.l)utter__ i

“Note: gpm = gallons per m1nute ps1 = pounds per square inch.

It was observed during injection into AW0077B that the flow raie quickly diminished from an initial
* injection flow rate of 4.8 galloiis per minuté to less than oné gallon per-iminute. after injection of
-~ approximately 900-gallons. This observation was nof typical in the other amendment points, and may be
-~ attribated. to-gas-accumulation in the well or a limitation in the hydraulic-capacity of the aquifer in ‘this.aréa. -
- Another field observation was the formation of a“brown coagulate” in the injection sclution. Basedon ..~
- discussions with the molasses supplier, solution mixing and delivery facility personnel,; and Sénior
- ARCADIS technical personnel, ii was.concluded that the material was an accumulation of dead yeast cells
~in the molasses solution. Although the solution  was filtered prior to délivery to the site, fermentation

- “occurs during transport to the site and in the tanker truck during the injection and may have led toa .~ _
proliferaiion of yeast in the fanker diiring transport.. Complete injection.data and field observations for the
- pre-injection test-are prov1ded in Table L. S e c ol P
T e T T e CPage
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Water Flush TSP DSOS O RPN
In order to prevent bio- -fouling; the amendment points were flushed with potable water after the’ la'st .dsy of
--------------------- 1nject10n The results of the water flush are presented below :
_________ WaterFlus'h”Data -
well |- Date | Volme | Commeriis ] :
(gallons) | o . e
AWO095C | 11/09/04 502 Normal potable water flush. I L

AWO0098B | -11/09/04 583 Normial potable water flush.

AW0033C | 11710704 50.4 Normal potable Water_ﬂush.

AWO077B | 11/10/04 501 Normal potable water flush.

' '.-momtorlng wells by 4 field representative: from Haley & Aldrich. Haley & Aldrlch prov1ded transducer

- datafrom the six monitoring and amendment wells. The groundwater elevation data collected during the .
- injection period was plotted-on graphs to- evaluate the influence of the amendment i injection on the
~groundwater table. Figures 1. through'9 contain the groundwater elevation data versus time. The following -

o Cisa summary of the data and observations made during the pre-lnjectwn tests: SR L
November 8 2004 Amendment DehverV R N S
e AW0033C - Mrmmalrnﬂuencewas observed (Frgure 1) Thig 1nﬂuence can be attributed to the

- long distatice (265 and 275 feet) between the amendment points and the observation well.

e .AWOOSOC An unusually large decrease (1 foot) i elevation occurred at apprommately 11:00
~a.m. Other than this point, fluctuations-of less than 1'inch were observed (Figure 2). The -

- amendment-points were 200 and 240 feet away: This data suggests that the amendment 1nJect10n _

) has minimal influence-on grotindwater. elevation af this-distance. - S L R L

e _. :AW0082C - A décrease (approxnnately 25 Jinches) in elevation occurred at: apprommately 11:00
-~ aum, similar to AW0050C (Figure 3). Amendment points AW0095C and AWO0098B are 170 feet
o the southwest and 100 feef to the west southwest of AW0082C, respectively. =

e TMWOS — An increase in groundwater elevatron of apprommately | inch was observed (Figure 4)
- Amendmient points AW0095C and AWO098B are-90 feet to the northwest, and 60 feet to the north -
E j'northeast of TMWOS, respectlvely A shght décrease was observed while well AW0095C wag:

_______________________ . .F.hge':. IR
L o T e
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taken ofﬂlne for | repalr A gradually decrease in groundwatér elevatlon was obscived after testing
wascornpleted e BRIt TR R PSR PRRIRPON

November 9 2004 Arnendrnent Dehverv

e AWO050C — Anapproxiimate 0.5 foot increase in grounidwater elevation was obserw'.fe'd.(.liigu'res.) S
~ " The increase was observed concurrent to amendment injection into- amendment po1nt AW0033C
(90 feet to the northwest). Both pomts are screened in the C-Sands. U

e AWO082C — A Sharp decrease of approxn’nately 3.5 inches in-elevation was observed at e
approximately 10:00 a.m. (Figure 6). The amendiment points are 170 and 210 feet away. This data
. -suggests that the amendment injection has minimal influence on groundwater elevation at these: -
L _dlstances ) . R R - .

_ . CAWO095 C An observed increase of over 8 inches in groundwater elevation (F1gure 7)-correlates .
- 'with the amendment delivery into ameéndment point AW0077B 90 teet away to the north northwest,
although the two points are screened. in two different sand zonés (B- and C-Sands). This- =~ ... :

observation suggests that amendment point AW0033C, 270 feet to the north, has minimal unpact EERRRTS
~oon. th1s rnomtormg well due to the dlstance between the wells - '

. was ong’ po1nt showmg 4 suddén 1ncrease_of. elevat1on of over 7 féet that was ¢onsidered to be an
- —anomaly. A gradual decrease in groundwater elevation also coincides with the termination of the |
_ - injectiori test. The data suggests that amendment point AWO0077B, 85 feet to the north, influenced
. the groundwater elevation in this observation well. Amendment point AW0033C is 275 feet away,
' 'and screened ina d1fferent sand zome. :

e TMWOS A gradual increase of 0.5 inches was observed (Figure 9).. The arnendrnent po1nts were
170 (AWO0TTB) and 200 feet (AWO0033C) away. This data suggests that the: amendment pomts
have:riinimal. 1nﬂuence on groundwater elevation at these distances. o

" Based on the groundwater elevatlon dats collected from the monitoring wells, groundwater 1nﬂuence can be
o rneasured at distances up to 90 feet from the 1n]ect1on wells o : S IR

_Groundwater sarnples were collected from AWO082 and. AWOIOS on January 14 2005 and submitted to- _
~ Severn Trent Laboratories, Inc. The samples were-analyzed for TOC, volatileé organic compounds (VOCS) -
- and tofal alKalinity. The groundwater samples were collected with disposable bailers due to well access
- limitations because of rainstorms—no field parameters were collected. - Minimal TOC concentrations weie .
- detected in the two monitoring wells. Because the well installation on Lot 8 is currently in progress, the
only two available wells for monitoring were over 100 feet from the injection points:and. s1gn1ﬁcant
influence was not expected The follow1ng table summarizes the lab results

'BOE-C6-0010914



_________________ Laboratdrv Data o
____________________________________ v e E— Brbt _.
' ‘well Organic¢ 1,1-DCE: | ¢i§1,2-DCE | trans-1;2-DCE .| TCE lcarbonate- 1.
o e ' _ _ — | Alkalinity -
S Cdrbon . | TR : : _ e
(mg/L) {Lg/L) (Lg/l) {pg/l) {pg/l.) mg/ly |-
S AW0082 | 23 140 | 49 2.6 40 9 -
AW0103 2.6 68 | .. 2.9 | <1.0 26 172 s

- fermentation of the carbohydrate solution is generatmg gas and increasing pressure in the amendment poinis -
. during injection. A buffer solution of sodium bicarbonate was used during injection events at the Building -
- 2 site, so-an alfernate buffer solution, sodium phosphate, was tested in the Lot 8 wells. -Additionally, an un- "
- buffered control solution was tested.. The data does not reﬂect significant differences in the “mJectablhty” _
of buffered versts nion-buffered amendrient solutions. Gas generation and pressure build-up in the : j-- SRR
- “amendment poitits was not dependant on the buffering agent (or lack of buffer). Because préssure build- up '
ohe week following the test was greater in the amiendment points installed in the C-sand, this would indicate -
* .. that the C-sand is-'a-.tighter' geologic formation and-is slower in djspersing the generated g'as. 3

~ recomimends selectmg an amendment solutlon ‘containing a lower concentration of total orgamc carbon that =~
" does not ferment as rapidly as molasses. Sodium lactate has a similar half-life as molasses and creates
~fewer fermentation products, and may be a suitable donor for the sife: Unless the aquifer has alow
- - buffering capacity, ARCADIS recommends that buffers- only be added if the groundwater monitoririg data“
_' mdrcates a decreasmg pH leVel below 5 R e

- pressure of 25 psi is adequate for thrs site: In]ectlon ﬂow_rates will be variable dependmg on the_hthology
“of the screened interval. The slower injection flow rate into AWO0077B observed after-approximately 900

- gallons of injection illustrates the variability of injection flow rates during injection of an amendment-
-solution. This trend was not observed in all amendment pomts and should be monitored- durmg futere -

'ln‘]ectlon eVentS o o SRR S e

The only unforeseen issue observed: durmg the injection. test was the slow m]ectlon flow rate into two of the
- -amendment points. . The excess carbohydrate solution was-diverted to the amendment pomts that exhibited .
L hrgher flow rates, but only to complete the m]ectlon w1thm the one-day tifme frame: . SR

'BOE-C6-0010915
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............ Boe]'n'g -T.ot 8 Area
19400 Harborgats Way
Torrance, CA- 50501
CARCADIS Tab Number: CA0003594.0005.00006

Totalizer Injection Injection
Well # Date Time Reading Pressure | Flow Rate: _Injection Solution Comments
. ] (gallons): (psig) {(gpm} . _ : e
------- o 8:35 0 Molasses
: 9:05 171 16 4.4 {No Buffer)
..................... o35 597 = 37
10:30 474 18 2.9 Flow gradually slowed down.
11:30 629 18 25 1 4y :
"""" 12:00 740 20 3.2 T
. - 12:30 854 22 3.9
AWO0098B| 11/8/d4: 13:00 983 25 4.0
: 13:35 1,133 25 4.0 BARPRS
--------- R 13:52 1,200 Stopped injection. Well siphoned to 29" Hg after shutdown.
14:37 1,200 Restarted injection.
15:00 1,342 25 5.0
15:30 1,437 25 4.0 L
16:00 1,527 25 <1.0
16:30 1,564 Well siphoned to 28"Hg after shutdown. [0
8:35 [{] Molasses
9:05 59 17 2.0 NoBufter) |
.................... 935 124 17 20
11:05 Stopped injection (from 9:05 to.11:05).
11:30 187 18 0.9 Restarted injection.
____________________ 12:00 232 20 1.3
AWO0095C| - 11/8/04 12:30 281 23 17
. 13:00 342 25 2.1
......... R 13:35 412 25 2.1
R ’ o 15:00 597 25 2.3
L 15:30 6571 25 2.2
R o 16:00 710 25 1.3
: 16:30 747 Well siphoned to 28"Hg after shutdown.
7:45 [{] Molasses
8:15 68 20 1.2 {Sodium Phosphate Buffer)
..................... 510 % > e
9:15 96 22 0.6
9:45 109 25 0.6
L - 10:15 119 25 0.4
AWOO77B . 11/9/04 - 10:55 Stopped injection. Well siphoned to 8"Hg after shutdown.
""" 12:00 299 25 2.6
13:00 487 25 3.5
14:00 728 25 4.5
15:00 983 25 4.8
15:15 1,038 26 <1.0 Flowrate quickly diminished.
15:38 1,068 27 0.5
7:45 [{] Molasses
8:15 387 12 16.0 {Sodium Phosphate Buffer)
; ; - 8:45 892 12 18.5
AW0033C| - 11/9/04 9:07 1,201 Stopped injection. Well siphoned to 26"Hg after shutdown.
AR S 15:30 12 16.0
: 15:38 1,328 12 16.0
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Figure 1 - BOEING C-6 R

: Lot 8 Pre-Injection Test. e
................................................................................................. Tranducer Data - Well AW0033C
.................................................................................................. NovemberB 5004 ...
............................ i
27 A
............... . 15.5
BB
:_,-\ ......
. d’ .......
@
LD
B |
3 12
......... .
S
Lo
L=
...... m .
= N
11.75.
B e
________________________________________ Amendment Point AW0098B-(located 275 ft to the SSW) injection from 08:35 to 16:30 hours.
--------------------------------------- . Amendment Point AW0085C: (Iocated 265 ft'to the S) |n]ect|on fram 08:35-to 9:05 and 11:05:10
AR S S 1630hours . R o
o . . , o
- 11:00700 12:00:00 13:00700 14:00:00 15:00:00 16:00:00 ........... 17:00:00 ........... 18:00:00: 1910000 20000700 -
Rt Time ........ . R
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© 25

Water Level (feet) |

o sass

Vo4

e Figure 2-BOEINGC_6

. Lot 8 Pre:Injection Test.
______________ Transducer Data - Well AW0050C
November 8, 2004

DB s

2475 -

245
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~ Water Level (feet)

___________________________ o | November 8, 2004

Fig'ure_'3.--_BOE|NG;C-6-:5 RO OO RSO EHSIO NSRS S

) Lot spre_lniection Test . N ......................................................................................

Transducer'Data - Well AW0082C

: 17.5

: 17 .....................................

S 165 e

Amendment.Point AW0098B (located 100 ft to-the WSW) injection from 08:35.t0 16:30 hours.

------------ -|  ‘Amendment Point AW0095C (located 100 ft 1o the SW) injection from 08:35t0 9:05:and 11:05to |
16:30 hours. - o
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Water L:e\_fel (feet)
[(e]

T
978

85

L gos

'Figure 4 - BOEING C-6
. Lot 8 Pre-Injection Test
~Transducer Data - Well TMW08 -
.. November 8, 2004

8,75

Amendment Paint AW0098B {located 60 ft to-the NNE) injection from.08:35 to 16:30 hours.

_| Amendment. Point AW0095C (located 90 to the' NW) injection from 08:35.10.9:05-and 11:05 to 16:30 |-
----- : - hours. e : . - .
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................. ~ Figure 5- BOEING C-6

S o - Lot 8 Pre-Injection Test .

""""""""" ... ... Transducer Data- Well AWO050C
: o ' ' November 9, 2004 RO

26 i oo NRRTIRIIITe e —————— oy

_____ 575

D55

25"

245

Amendment Point AW0033C (located 90t to the NW) injection from 07:45 10.9:07 and 15:30 to 15:38
. B ~ hours.. e .
_Amendment. Point AW0077B (located 180 ft to the- SW) injection from 07:45 to 15:38 Hours. ...

“6:00:00 8:00:00 10:00:00 12:00:00; 140000 16:00:00 18100000

RIREEES e . .. ................ o - Tlme - RUREETIRRREEERERRPIS )
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ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁFigure:G- BOE'NGC-G . TR U

Sl ' - Lot 8 Pre- |n|ect|0n Test. TR RURRI
....................... . . . ] T TranstCer Data Well AW0082C

I e o November9 2004

18 . o . AR . LT

1775 2 e =

. 175 ............................................................................................................................................................................................ -

17 25

BETE

| Wat_er L_e_véi (feét) '

16 75 e SRR

165,

Amendmem Point AWO0033C (Iocated 210 ft to the NNW) |n|ect|on from 07:45 109:07 and 15:30 10 15:38
...... - hOUrS

-16.25

16 ‘
'6:00:00 8:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00
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Figure7-BOEINGC6

. LOt 8 Pre_iniection Test e

R T Transducer Data - Well AW0095C

’ 14 : ) _ o e i T

i35

4325

Water Level (feet) -

L 27

S 428

ERLREIEEEEEER R SR EEREERETRRRRRREERRE R Tlme B PP
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cog

__'24

Water Level (feet)_

26"

22

Figure 8 - BOEING C-6
. Lot 8 Pre:Injection Test
______________ Transducer Data - Well AWOOQSB
November 9 2004

Amendment Point. AWOOSSC (located 275 ft to.the NNE) injection: from 07 45 to 9:07 and 15:30 10 15:38.
haiurs.

Amendment Paint AWOOTTB (Iocated 85 ftto the N) injection from 07 45 to15:38 haurs.

T~

8:00:00 .

12:00:00
......... . Time B

14:00:00
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: Bl s ‘Figure 9 - BOEING C-6
e Lot 8 Pre-Injection Test
: . o ~Transducer Data - Well TMWO08 OO SO TSR HSROROS S

o November-g,_ 2004 e

.. 10 - ) . .................

978

95 . ._ .......... .

‘Water L:e\_fel (feet)
[(e]

8,75

.85 DU

E P .. Hours. . ... R . .

RARAAER R Amendment Point AW0033C (located. 200 ft to the N) injection from 0_7:45 to 9:07 and 15:30 to 15:38
glos . -Amendment Point AW 00778 (l6cated 170 to the NNW} injsctior from 07:45 to'15:38 hours, -

©6:00:00 8:00:00 10:00:00 12:00:00. ... 14:00:00

...... .. Time
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